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0 Modified human Q-CSF. 

® A modified polypeptide having human granulocyte colony stimulating factor (hG-CSF) activity cornP^^^^ 
® yJepjrSvi^^^^ activij with at least one amino group thereof substituted with a group of the formula 

:;S^rR?'^^^ or alLyl group; n is an optionally variable positive Integer: X is 0. NH or S; Ra is 



R3 

N=< 



CO 
CM 

^ Y- 

m 



M , u o I, nu PI n./rH,CH,0\..Ri v»here R. and n are as defined above, Y may not be present or 
^ 2 ?CH , CO JheS Z K S Tm p is an optionally variable positive intergerl. or (COW 

° XuC? wJSl^m ?0 i T: \ i: 2; idonally v«i'able positive integer, which can provide an enh^ced 
SShe^JleWe (granulocyte) increasing effect with improved stability and residence t.me .n the btood 
and, as such, can be used advantageously in clinical medtanes. 
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MODIFIED POLYPEPTIDE 

RELD OF THE INVENTION 
This invention relates to a chemically modified hG-CSF polypeptide which results from chernical 
modified polypeptides. 

BACK6R0UND OF THE INVENTiON 

hG-CSF is a polypeptide which is essential to the proliferation arid differentiation ^f-^f °P°!^^f ") 
cells for the format on of various blood cells and has activity to promote mainly the multiplication of 
arlnuSytes L particularly, of neutrophils. While neutrophils play a vital role in the protector, of a l^ng 
Sy l«Son. the/have a short lifetime and must be replenished at all times const^ 

Splication and differerrtiation of precursor cells. Therapies commonly P'^^;^^ J" ^^"^^"V^j;, 
SSe tumors inhiW the proliferation of precursor cells of neutrophils as .^f ^^^^^^^ 
suppress the anti-infective competence of tumor^earing patients, a senous side ^^^^^^'"^'^J^"'^^^ 
me multtplication of neutrophils and. as such, is expected to alleviate this side effect and at tt^e same ttme. 
exer? opMacSc and therapeutic effects against infections. Furthermore. hQ^SF has the ability to induce 
SenSn of cultured leulcemia cells in vitro and. hence, has the potential for use as a dmg for the 
JeZnfof leukemia The chemically m5difi5d-hS^F polypeptide of this Inventlor, has hG^SF activrty 

surpassing that of the known h(3-CSF and is expected to be of value as a drug. 

As a result of recombinant DNA technology, which has been developing rapidly in recent yearejenes 
for proteinic factors involved in the proliferation and differentiation of blood cells have '=>^^ !^^^^^ 
after another. TTiese factors are now produced by various genetic engineenng techniques utilizing microbial 

''RMirdfng hQ-CSF. Nagata et al. isolated cONA from human squamous ceil line CHU-li. determined its 
ONA s«quer«e and reported on its expression in COS cells [Nagata et al.: Nature 319, *J5 1986)L 
Mo«.^"souza et all^solated cDNA from human cystic cancer cell line 5637, de ermined its DNA 
seouence and reported on its expression in Escherichia coll [Souza et al.: Science 232. 61 {1986)]. 

it^S bTen reported that in ^ministerinPTOcSFttius obtained to the body, a sustained effect can 
only be assured by repeated administration of hO-CSF and that discontinuation rasulte in a rapid 
Sppearance of the desired effect (Journal of Experimental Medicine 165. 941-948 (1987)]. This is 
probably due to the short life of hO-CSF in Uie blood. », ^ . ^ flo.-M/,QOB\i 

in regard to enzymes such as asparaginase [Inada. Y. et al.: Trends in Biotechnology 4. 88-^ (1988^. 
arginase [Savoca. kV. et al.: Biochemica et Biophysics Acta 578. 47-53 <t 979)1. batroxobin [Nlsh-fnur^ K 
et al life Science 33. 1487-1473 (1983)]. etc.. it has been found ttiat chemical modification wrth 
oolyethylene glycol resets in an increased residence time in blood and in attenuated antigenicity. 

Protein to generally used as a dnjg in a lyophilized fomi. There is a problem that, dunng anchor after 
lyophaizatUn. protein undergoes physlollgical or chemical changes, e.g.. association, poly menzation and 
osddalion due to external factors such as temperature, moisture, oxygen and ultraviolet. Such changes often 
result in degradation of the activity of the protein. To overcome ttie above problem, staiilizers for protein 
SgTyoSSIon have been invUtigated. For example, ttie stebin^r, tor hQ-C8F are -^^^cribed 
A-2iwrai and JP-A-63.l4e829 (Uie temn -JP-A" as used herein means published 
Japanese patent application-). However, it has been required that the protein is further stebllized dunng 
and/or lyophilUaUon for the clinical use. 

In using hO-CSF as a drug, it is desirable ttiat hG-CSF be stable and remain in the biMd tong gftw 
50 administration and its antigenicity be attenuated as well as stable during and/or after lyophilteadon for the 
practical use. However, mere has not been an hG-CSF having such properties and. for tiiat matter, a 
method for producing it 

SUiVIMARY OF THE INVENTION 
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AO Object of the present invention is to provide a polypeptide having hG-CSF activity, which shows 
after lyophilizaaon than the unmodified polypeptide. 



10 



DETAILED QgSCRIPTION OF THE INVENTION 



This invention provides a modified polypeptide having hG-CSF acUvity which •« available on subrtitutlon 
of atTeil one «nino group of a polypeptide having h<3-CSF activity with a group of the formula 

" ^^nST^Z or atLyl group: n is an optionally variable positive integer; X is 0. NH or S: R, is 



_/R3 



N 



^® « . /-I r> /nu ru n\ .n, ^whsre Rt and n are as defined above), Y may not be present or 

3S can also be employed. 
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Table la 



Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Uu Leu Lys Cys Leu Glu 
1 10 



Gin Val Are Lys He Gin Gly Asp Gly Ala Ala Leu Gin Glu Lys Leu Cys Ala Thr 
20 30 

Tyr Lys Leu Cys His Pro Glu Glu Leu Val Leu Leu Gly His Ser Uu Gly ne Pro 



40 50 



Trp Ala Pro Leu Ser Ser Cys Pro Ser Gin Ala Leu Gin Leu Ala Gly Cys Leu Ser 



60 ''0 



Gin Leu His Ser Gly Leu Phe Leu Tyr Gin Gly Leu Leu Gin Ala Uu Glu Gly He 
80 90 



Ser Pro Glu Leu Gly Pro Thr Uu Asp Thr Uu Gin Uu Asp Val Ala Asp Phe Ala 
100 



Thr Thr ne Trp Gin Gin Met Glu Glu Uu Gly Met Ala Pro Ala Uu Gin Pro Thr 
12Q 130 



Gin Gly Ala Met Pro Ala Phe Ala Ser Ala Phe Gin Arg Arg Ala Gly Gly Val Uu 
140 



Val Ala Ser His Uu Gin Ser Phe Uu Glu Val Ser Tyr Arg Val Leu Arg His Uu 

160 I'^O 



Ala Gin Pro 
174 

(X » H or Met) 
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Table 1b 



PneiHnn of substlkltion 










hG-CSF derivatives 










(an amino acid of 
























hG-CSF) 
























a) 


b) 


c) 


d) 


e) 


0 


g) 


h) 


i) 


j) 


k) 


Position- 1 (Thr) 
Position-3 (Leu) 
Posttion-4 (Gly) 
Position-5 (Pro) 
Position-17 (Cys) 


Glu 
Lys 
Ser 
Ser 


Val 

ite 

Arg 

Ser 

Ser 


Cys 

lie 

Arg 

Ser 

Ser 


Tyr 

lie 

Arg 

Ser 

Ser 


Arg 
Thr 
Arg 
Ser 
Ser 


Thr 
Arg 
Ser 
Ser 


Asn 
Glu 
Arg 
Ser 
Ser 


lie 

Thr 

Arg 

Ser 

Ser 


Ser 
Thr 
Arg 
Ser 
Ser 


Arg 
Ser 


Ala 
Thr 
Tyr 
Arg 
Ser 


• No substitution 
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Referring to the chemically modifying group to be used in accordance with this mvenbcn «ie alkyi and 
alkanoyi groups mentioned as protective groups tor the terminal oxygen atom are C, -.8 alkyi groups (for 
example methyl, ethyl, propyl, etc.) and C,-.. alkanoyi groups (for example, fomiyl. acetyl, propionyl. 
etc.)* 

The positive integer n Is not more than 500 and preferably 7 to 230. 

The positive Integerl is not more than 100 and preferably 0 to 6. The positive Integer p is from 1 to 
18. preferably 1 to 6. The'^molecular weight of said chemically modifying group Is not more than 30.000 and 
preferably in the range of 300 to 20,000. ^« u/a 

The chemically modified hG-CSF of this invention is produced, for example, by condensaton of hQ- 

CSF with a halide of formula (II) 



30 



Rl-(OCH2CH2)n-X— <f N 



R3 



(II) 



CI 



35 wherein R, . n, X and Ha are as defined hereinbefore or by condensation of hQ-CSF with a carboxylic acid 
of formula (III) 

R,<0CH,CH2)„-X-(C0)„,(CH2)i-C00H (III) 

wherein Ri. n. X. m and r are as defined hereinbefore or a carboxyolte aad of formula (IV) 



Rl-(OCH2CH2)n-X— (/ 11 



R3 



(IV) 



Z-(CH2)pC02H 



wherein Ri , n. Z, K Ra and p are as defined hereinbefore. 
The halide of formula (II) can be prepared by condensing 

50 Ri'(OCH2CH2)n-XH ^ . ^ . « 

(wherein Ri n and X are as defined above) with cyanuric chloride [fVlatsushima, A. et al: Chemistry Letters, 
773-778. 1980); Abuchowski. A, et al.: Journal of Biological Chemistry 252 (12) 3578-3581, 1977]. This 
halide is reactive and can therefore be directly reacted with a polypeptide having hQ-CSF activity. 
TTie carboxylic acid of formula (III) can be prepared by subjecting 

sa Ri<OCH2CH2)„-XH ^ . . 

wherein Ri , n and X are as defined hereinbefore, to dehydrative condensation with a carboxyl group of an 
alkanedlcarboxyllc acid or reaction with a haiogenated monocarboxyllc acid so as to introduce a carboxylic 
group or to an oxidation reaction of its terminal hydroxy! group to convert the latter to a carboxyl group. 
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the carboxylic acid represented by formula (V) 
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Rl-(OCH2CH2)n-> 

V-Z-(CH2)pC00H (V) 



Rl-{0CH2CH2)n-X 

^ • D « ,nH Y am as defined above, Z is 0, 3 or NH and p is an optionally variable positive Integer. 

'^'TtSs ^.C^^" Slg h1-c?P acuvity i's added the above-mentioned halide -^'^^^ 
10 U115 poiypoH ^ , . 0, 2 to 100 times the amount of ammo groups present in the 

acid <=°7P^"t '"J/^J'J^^^^ react at a temperature of 4 to 37" C . preferably 4 to 

PH ? to "for 1 houTS 2 days, preferably 1 to 24 hours, whereby the desired chemically 

'''^^SS''^SS:fi^<^Sf or a derivative thereof with the ^'^-^-^^J^,^^^^^^^^^ 
acids of fomiulae (HI) and (IV) are hereinafter referred to as chemically modified hO-CSF (II). (Ill) and (IV). 

'^'"ihrdegree of chemical modification can be ascertained by quantitating the amount of decrease in free 
amino grouprwith trinitrobenzenesulfonic acid or monitoring a change in mobifity of chemic^ly mod^ed 
hG-CSF by sodium dodecylsulfate (SOS)-polyacrylamlde gel electrophoresis. 

T?e ch^cally modified hG-CSF or a derivative thereof Is used as a drug. i.e.. an imecteble soiuwr 
h>I^, bv SviM in water or an appropriate buffer and subiecting to filter-steriOzation. Wh* 

;;e mX' hScsV^e^^^^^^^^ isVphlHzed. the lyophillzed product is also dissolve - 

water or an appropriate buffer and filter-sterilized to prepare an Injectable solution. 

^he SnSoM at lyophilization are not particulariy restricted. The lyophilizaton is f^'^^J^ 
bv fraezina at C or less for 1 to 5 hours, drying at -20' C to 0 C at a vacuum degree of SO to ISO 
mr!:? n toS S^Z further drying.at tO to 30* C a. a vacuum degree of 50 to 100 mTorr ft^ 16 » 

^*'^"e preparation of chemically modHled h(M8F or a derivative thereof may contaV. f^dlBves such » 
DharmajeSy acceptable carries, vehicles, stabilizers or adsorption-preventing agents. The modified ^^0■ 
oT^^^^n^Sl^ministered to an adult in an amount of generally fnjm 0.1 to 500 1^8. preferawy 
Sm S 5 to I « ^ The dosage varies depending on the kind of disease and symptom 

" °' '•'aJSS to the modified hG-CSF of the Invention. 1 to 3 molecules of a PO'V^^V'^^ 9'^^^^^ 
derivative are bound to each molecule (hereinafter referred to ^ "'"'^•J^-'^^^^^ff!: 
respectively). The aboveslescirtwd modified hG-CSF preparation may be a mocture of the mono-, di- and 
tri-wpe h<^CSF or these types of modified hQ-CSF may be used as separ^ed each othw. 
Ihe detemrination of pi^in quantity in this Invention Is carried out by the foMowing test methods. 
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Test method 1 



The method of Lowry (Lowry. 0. H. et al.: Journal of Biological Chemistry 193. 265. 1951). 



Test method 2 
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The method of Laemmli (Uemmli, U.K.: Nature 227, 680, ^^f^) in which SOS^olyacn^ gel 
electrophoresis is followed by determination with a chromatoscanner (CS-930, Shimadzu). 

1hrdetl^Ria«cn of G-CSF activity in this invention was "-^^J '"J^^^^^^^ 
Myelocytes were aseptically taken from the femoral bone of male C3H/He mice aged f » 2 w«eks 
Tp^ chSd from ShizuoKa iLratory Animal Center) and suspended in -^'^^^f/^^^^^^^^ 
Uboratorfes, hereinafter referred to briefly as a-MEM) contammg 10% of fe al '''ZZfi^^^^^pZ 
susoension fabout 5x10' cells), 1.5 ml. was applied to a nylon wool (Nylon Fiber 146-04231, Wako Pure 
Cher^nSs LtdO column (0.3 g) and incubated in a 5% ^^^^^f^JJ^^^^Z^^^ 
Then a-MEM pre-wartned to 37* C was passed through the column, whereby myelocytes not absorbed on 
nylon wool were obtained in the effluent This cell fraction was washed with a-MEM once and ad.usted to a 

'•""ZTSc^Se with .he memod of Okabe et al. (Okabe, T. et al.: Cancer Research ^. 4^^506 
1986), the assay of bone marrow hematopoietic cell colony-forming activity was ^, 
mixh.« of 0.2 ml of «-MEM, 0.4 mt of FBS and 0.2 ml of doubling sample dilutions was added 0^ o 
fte mvdocyter(2 x 10« cells/ml) prepared by the above procedure. The resulting mixture was furtfie 
mL7^Kequal volume (1.0 ml) of 0.6% agar (Difco. Agar purified No. 0560-01) solution maintained at 
C TnJ Ta? ml portion of the resulting mixture was distributed into a 24-well Multidish (Nunc Na 
143982) (5 X lo' cellsMell, n = 3). The dish was maintained in a 5% CO, incubator at 37 C for 7 days and 
ifnur^ber 0 colonies consisting of 40 or more cells was counted under the microscope (Olympus. X40). 
ILT^^::^:,^.^^ each Icony was carefully taken out on a f^^'^^J^^^'-^lZT 
for 30 seconds and subjected to esterase double-staining by the method of Kubota et al. (Kubota. K. et al.. 
ExQerlmentai hematology 8, 339-344, 1980) for identification. . 

polToTeS s-ample was calculated from the counts fbr doubling dilutions in "je colony faring 
test as follows. The activity value giving 1/2 the maximum colony forming value of Q-CSF us«J JB a 
standard was defined as 50 units and this value was multiplied by the dilution factor of each sample and, fw 
Aversion to activity per unit ml. by 20 to arrive at the potency (units) of the sample. The specific activity 
(units/mg) was expressed in potency per weigW (mg) of protein. 

The fottowing examples, reference examples and experimental examples are further .llustraUve of this 
invention, but are not construed to limit the scope of the invention. 

EXAMPLE 1 

To 3 ml of 0.1 M borate buffer (pH 10) containing 186 ug/ml of hQ-CSF with the amino acid sequence 
shown in Table ia was added 56 mg of the chloro-com pound prepared in Reference Example 1 and the 
reaction was carried out at 4' C for 24 hours with stirring. 

The unreacted chloro-compound was removed by ultrafiltralion (cutoff molecular weight 30.000) and. 
then using YMOPack AM.3120DS (Kurtta Industries. Ud.). reversed phase HPLC on a linear gradient of 0 
to 70% awtonitrile was carried out The chemically modified hQ-CSF polypeptWe was eluted in the fraction 
of about 50% acetonitrile (yield 30 ug. percent yield 5%). it was confimned by SDS^Jolyacrylamide gel 
electrophoresis that ihis chemically modified hQ-CSF polypeptide had one chloro compound residue per 
molecule. The purity was in excess of 90%. 

EXAMPLE 2 

To 50 ml of 50 mM phosphate buffer (pH 7.2) containing 570 ug/mt of hQ-CSF with me amino add 
sequence shown in Table la was added 240 mg of the acth/e ester prepared in Reference Example 2 and 
the reaction was canrfod out at 4* C for 8 hours with stining. 

After addition of 50 ml of 10 mM Tris-HCI buffer-0.7 M ammonium sulfate (pH 8.0). ttie reaction 
mixture was passed through a column (2.2 cm x 26 cm) of bulyl-Toyopeart 6S0M (Tosoh) equilibrated w,th 
To mM Tris-Ha.0.35 M ar^monium sulfate (pH 8.0) at a flow rate of 100 ml/hr. Then. tt,e column was 
ss washed by passing 100 ml of 10 mM Tris-HCI-0J5 M ammonium sulfate (pH 8.0) at a flow rate of lOO 
and. min. elutlon was carried out on a linear gradient with 200 ml of J;^^;^J* 
ammonium sulfate (pH 8.0) to 200 ml of 10 mM Tris-HCI buffer (pH 8.0) at a flow rate of 100 ml/hr. The 
impound WM eluted in fractions corresponding to 50 mM through 130 mM of ammonmm sulfate. 
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T.ese .aeons were cCected 030 "^0^ -J^^^^^^^ 

Tn%TxTcm TsH^^^T2£lp:J;r.Z)ZSL with 10 mM Phosphate t^^ffer- 
column (2-8 cjT. >( 70 cm) of Sephacr/ I ^^^^^^^ ^^^^^ ^ 



less than 90%. 

EXAMPLES 



To 10 ml of 0.1 M borate buffer (pH 9) containing the hQ-CSF derivative (570 ^^^l^J^^'^^}" 
Reference Bcample 3 was added S4 mg of the active ester obtained in Reference Example 2 and the 

,r^TmZ^cT^Zn, the intemai fuSd was subs«tuted ^th 10 mM Tns-HC. bu«er (pH 8, u«^g 
le same membrane. The residual fluid was passed through a column (1.7 cm ^""l °' ^f^' 
ToyopTari 65Cr^ (Tosoh) equilibrated with 10 mM Tris-Ha buffer (pH 6.0) at a flow rate of 10 nil/hrjhen. 

rofumn was washed by passing 20 ml of 10 mM Tris-HCI buffer (pH 8) at a flow rale of 5 mt/hr and. 
Sen l^^onTas S^ed outTa linear gradient with 50 mt of 10 mM Tris-HCI bufl^ (pH 8> to 10 mM 
?rir-'HCW 4 M NacT (pH 8) at a flow rate of 5 ml/hr. The chemically modified hG-CSF polypeptide was 
Jtid ll^ns SrSsponding to 100 through 120 mM of NaCl (yield 0.85 mg: percent yield 15%^ n wj 
Sed by SDS-polyacrylamide gel electrophoresis that. In the resulting polypeptde^ °Z7tT^^ 
SXtene glycol derivative carboxyllc acid had been bound to one molecule of the hG-CSF derivative. 
The purity of tWa polypeptide was not less than 90%. 



EXAMPI^4 
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To 50 ml Of 50 mM phosphate buffer (pH 7.2) containing 570 ugftnl of the hG^F derivative obtained 
in Reference Example 3 was added 300 mg of the active ester prepared m Reference Example 2 and the 
rftflrtion was carried out at 4* C for 6 hours with stirring. 

!^^(SSn of 50 mt of 10 mM THs-HCI buffer^X7 M ammonium sulfate (pH 8.0). the reactton 
mixtuTwffl wssed through a column (Z2 cm x 26 cm) of butyl-Toyopeari 650M (Tosoh) equilibrated wrth 
Tots ^tJSSs M Jmmonium sulfate (pH 8.0) at a flow rate of 100 mt/hr. Then. »,e column was 
^ed b/SSng 100 ml of 10 mM Tris.HCW3.35 M ammonium sulfate (pH 8.0) at a flow ra^9 of lOO 
S aS £a elution was carrted out on a linear gradient of 10 mM TrIs-HC. buffer (pH aO) and 400 ml 
3 0^5 M lo 0 M of ammonium sulfate at a flow rate of 100 ml/hr. The object compound was eluted .n 
ft^caons corresponding to SO mM through 150 mM of ammonium sulfate. These fractions were coHected 
mi)TbSted^tt..ultrafiit««on {cutoff molecular weigin 10.000: memi^ane YM^^ J'^'"")- «2 
concentra^ to 10 ml. The concentrate obtained was passed through a column (2.8 cm x 70 cm) o^ 
Sep^wtl-aSo (Phamiacia) equilibrated with PBS at a flow rate of 120 ml/hr. 'oliowed by pa«»ge of 
PE^^e sal flow rate. Vhe tri-type chemically modified hO^F polypeptWe ^ 
corresponding to 150 ml through 160 ml of PBS (yield 1.5 mg. percent yield 5%). The di- and mono-lype 
S!d hoSsF polypeptides wero subsequently eiuted in fractions of 165 ml through 185 mljie^d 3 
T^^MuZ and 190 ml through 210 ml (yield 4 mg. percent yield 14%) It w« verified by 
S^^aSSnide gel electrophoresis that ir the mono-type polypeptide, one molecule of the polyethy^ 
^SSZ^ caiboxylic acid had been bound to each molecule of hO-CSF. two molecutes .n the dl- 
^e SeVS^Klli^moiecuie^ in the tri-type polypeptide. The purity of each polypeptide was not 
less than 90%. 
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EXAMPLE 5 



10 



20 



To 100 ml Of 50 mM phosphate buffer (pH 7.2) containing 300 ug/mt of the f G-CSF derivaUve 
obtaLed ?n Reference Example 3 was added 800 mg of the active ester prepared in Reference Example 4 

'"'T'^^:TTJ'f'olu^^^^ sulfate (PH 8.0). me reaction 

inn ml nf 10 mM Tris-HCl-0.35 M ammonium sulfate (pH 8.0) at a flow raie ot luu 
:m an? tC eLo^w« clZ ol oZtel gradient of ,0 mM Tris-HCI buffer (pH 8.0) and 400 ml 
of oU^'XT^Z^ sulfate at a flow rate of 100 ml/hr. The obiect compound was eimed .n 
of 0 „M through 250 mM of ammonium sulfate. These fractons were collected 

ioncentrLrST^^^^ concentrate obtained was passed through a column (5.6 cm x 40 cm) o 
Chal S 200 (Ph^acia) equilibrated with PBS at a flow rate of 160 ml/hr. followed by passage of 
ST«e M^^^ «*«"'"=^"y '^'^''^ •^^-^^'^ ^^"^^ was eluted m frac ons 

PBS at tne same^w 4J';,i pbs (yield 2.1 mg. percent yield 7%). The di- and mono-type 

mSrrhtcS p^ypep?^^^^^^^^^ fractions of 420 ml through 450 ml (yield 1^5 

mf S^nt S 5%) and 500 ml through 530 ml (yield 1.5 mg, percent yield 5%). It was verrfied by 
SDS-SSSde gel electrophoresis that, in the mono-type polypeptide, one molecule of the polyettiy ■ 
!^ oEfdSve carboxylic acid had been bound to each molecule of hG-CSF. two molecules .n the di- 



IS 



less than 90%. 

EXAMPLE 6 



" Preparation of lyophilization product of chemically modified hO-CSF and storage stability thereof 

In the same manner as in Example 2. the hG-CSF was reacted with the active ester prepared in 
Reference Example 2. The unreacted active ester and its decomposition product '"^'^ '^"^^'^^'^1'^^ 
35 ulSS,n^brane YM30 (Amicon) and. then, the Intemal fluid was substituted with 50 mM phosphate 
SSnTnTiM sodium blonde (pH 7.2) using the same membrane. THe resulting solution containing 
200 ug/m t of the desired modified hG-CSF derivative was subjected to lyophilization. 

^heTyophllization was carried out by inoculating the hG-CSF solution into glass ^als. freezing the vi^s 
at .50- C or less for 2 hours, drying at -ZQ-C at a vacuum degree of 100 "'Torrjor 24 hours^^^^^ 
ifl drvina at 20* C at a vacuum degree of 80 mTorr for 24 hours. As a control, a mixed soluton of the hG-CSF 
~Je*ylene gly«l was lyophillzed in the same manner as above. Each lyophilization product was 
' tfSiTat ^-C and s'^pled at timed inter«ls. The sampled lyophilizaUon product was^s»h^ 

Tn Mml«l phosphate buffer (pH 7.2) to detemiine the residual Q-CSF acJhrity in accordance with the above- 
described method. The results are shown In Table 2. ^ ^ « ^ *u<* 

45 ^Vresldual activity means relative activity to the activity before lyophllizaton and defined as the 

following equation. 

Activity after storage 

at timed intervals 

so Residual activity (%) =» — ^ ^ ^ ^ 

Activity before 
lyophilization 
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Table 2 



Storage stability of lyophilized chemically modified hG-CSF 
(65' C) 


Sample 


Residual activity (%) at timed 
intervals 


6 hrs. 


1 day 


2 days 


7 days 


hG-CSF 


68 


26 


2 


2 


hG-CSF with PEG 


53 


40 


6 


<1 


hG-CSF with PEG2> 


48 


33 


21 


13 


Chemically modified hG-CSF 


102 


57 


35 


25. 


Notes 



1) 2 5 parts by weight of PEG per part by weight of hG-CSF 

2) 5 parts by weight of PEG per part by weight of hG-CSF 



EXAMPLE 7 



30 



Preparation of lyopWIizalion product of chamically modified hQ-CSF and storage stat)ility thereof 

manner as in Example 4, tha hQ-CSF derivative was reacted with the active ester prawred 
in Rl^cr^pra -dSi.. modified hG-CSF derivative solut]«, was obtained J «^ 
m^nl M in^ple 6. The lyophlllzation was carried out as descril«d in Exampie 6 and each 
;;h» prS was ailowed to stand at 37' C for 7 days. The resutts are shown .n Tabie 3. 

Table 3 



3S 



40 



Storage stability of chemically modified hG-CSF 
(37* 0.7 days) 


Sample 


Residual 
activity (%) 


hQ-CSF derivative 


85 


hQ-CSF derivative with PEG 


94 


hG-CSF derivative with PEG ^ 


88 


Chemically modified hQ-CSF derivative 


100 


Notes 



50 



1) 2.0 parts oy w^igm of rc« hwi H«fc **7 

2) 5 parts by weight of PEG per part by weight of hG-CSF 
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Production of 2.4-bls(0-methoxypoiyethylene glycol>8<hloro-8-trla2ine 

ia 
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rrpT^-erS,:; Z^Z^. The precipitate ^ washed f^^-^^ °' ^^^^^ 
ether trrecover 10 g of 2.4 bis(0-methoxypolyethy(ene glycol)-8<hloro-8-tnaane (y.eld 50 /.)• 



REFERENCE EXAMPLE 2 



to 



IS 



20 



as 



Synthesis of monomethoxypolyethylene glycol succinyl-N-hydroxysuccinimide ester 

«c^7J from methylene chloride ethyl ether (volume ratio = 1:3) to recover g <y.eld 72%) of 
monomethoxypolyethylefie glycol succinyl-N-hydroxysuccinimide ester. 



• REFERENCE EXAMPLE 3 



A hQ-CSF derivative corresponding to the amino acid sequence shown in Tatsle la but containing 
,i«nfne S «rofthemreoreTn position threonine In Heu of the leucine in positlon-S. tyrosine .n lieu of 
rgiychiTn tiolIrS^^^^^^^ Heu of the proline in posHion-S and serine iniieu of the cyste,ne .n 

" ''n:S,7H;ra'c^!^fo ril^^^^^^^^ FHRM BP-U79) carrying a pl^mid pCfB028 

conTOTFNSS fori e-ab53n^h(>CSF derivative was cultured in LQ Medium Jrep^ 
Tv Sli lOg of BKtotryptone. 5 g of yeast extract. 5 g of NaCI and 1 g of glucose m It of water and 
by d^wrjo iug oTD«w yp ^ NaOH) at 37* C for 18 hours. A 5-ml portion of this culture was 

^ S2^tto"w^l ^mS SiI« (Oerof NaaHPO. 0.3% of KH.PO.. 0.5% of NaCI. 0.5% of 

artnTmrn tor 10 minutes to harvest the cells which were then washed with 30 mM NaCI-30 mM Tns-HO 
^rT^ ?5i iS^shSl w^^Twere suspended in 30 mt of the same buffer solution as above and 
SJcSd to L?^isn.%o1 (SSson Soni?^ower Company's Sonifier. Cell Dlsruptor 200. «;;;<P"t conjol 
a nTSnlTThe di^upted cell suspension was centrifuged at 9,000 rpm for 30 mUiutes collect the 
celMar rSZ" F«m is cellular residue, the hQ-CSF derivative was extracted. P""fl«f soUjb.l.zed and 
SSiS by Se ^Id of Marston et al. IFAO. Marston et al.: Blo/Technology 2. 800 (1984)]. 
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REFERENCE EXAMPLE 4 



Production of N-hydroxysucdnimide ester (IVb) of 2.4.bis (o.methoxypolyethylene glycolW3<artK«cybutyl 
aminoy-s-triazino (IVa) 
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The uj)pef layer was adjusted to pH i jt^^^ ^^^.^^ 

sul^ectad to filtrjwn Ue ^^^^^^^ Uius-obtained carboxylic acid (IVa) (150 mg) and N- 

carboxyhc aad , ^ry methylene chloride, followed by addition of 6 

Mroxysuccin.m.de^^^^^^^ w«e soJJ^^^ed^m 1 m ^^^^^^ ^^^^^ ^^^^^^^^ 

n^,f r^JtS Td et?v? S ww added to the filtrate to cause precipitation. The thus-formed 
^ecip^^fercoi^by S^^^^ -der reduced pressure to obtain 100 of the desired 
ester (IVb) (percent yield 67%). 
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Specific activity and mouse leukemia cell NFS60 growth promoting activity of the chemically modified hG- 
CSF fill) 

in the same manner as Example 3. the hQ-CSF derivative was reacted with the active ester and the 
unreac ed 1^ 0^ and its d^omposltion product --V'-^^h^^^^^^ CSF 
Than „^\r,n the same membrane as above, the Internal fluid was substtuted with PBS and the Q-C5F 
Ic"d N^seo^ll gro^^^^^ acdvity [Proceedings of the National Aca*my of Sciences o. me 
usl^ 6687 (1985)1 of the chemically modified hQ^SF derivative in the residual fluid were assayed. The 
results are shown in Table 4. 

Table 4 



35 
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Sample 


Specific activity 
(unit^mg protein) 


NFS60 growth 

promoting activity 


hG-CSF derivative 


100% 


100 % 


Chemically modified hG-CSF derivative 


12.9% 


6.9 % 



. It is evident from the above results that the chemically, modified hO-CSF derivative retained CSF activity 
agailist mou^ bone marrow stem cells. It is also clear that the same derivative had a growth promoting 
effect on NFS60 cells which are known to show Q-CSF-dependent growth. 



TEST EXAMPLE 2 



Leukocyte (granulocyte) increasing effect 



50 



The same chemically modified hG-CSF (III) as used In Test Example 1 w^ subcutaneously admin- 
istered to C3H/He mice (male. n=3) either once or once a day for 8 consecutive days. The blood w« 
sampled at timed intervals and the white blood cells (WBC) in peripheral blood were counted. The results 
55 are shown in Table 5 (single administration) and Table 6 (repeated administration). 
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Table 5 



The time course of WBC after single administration (s c.) 


Sample 


Dosage 
(iig/mouse) 


WBC {% of normal control) Blood sampling ir 
(hr.) 


itervai 


1 


5 


8 


16 


24 


48 


72 


hG-CSF derivative 

ChemicaJly modified hG-CSF derivative 


10 
10 


75.4 
81.1 


159.1 
179.2 


228.3 
259.9 


166.7 
169.8 


200.1 
186.7 


125.5 
177.4- 


110.0 
96.5 


Notes — ' 



10 



IS 



a) The same weight as hG-CSF protein was administered 
-) P<0.01 (Student* s t-test) 



Tables 



The time course of WBC in Way repeated administration (s.c.) 


Sample 


Dosage 
(ug/mousa/day) 


WBC (% of normal controO Blood sampi 
interval (Day) 


ing 


1 


2 


3 


4 


5 


6 


hG-CSF derivative 

Chemically modified hG*CSF derivative 


1 

1 


79.3 
131.1 • 


95.5 
185.4- 


85.1 
148.7- 


91.2 
125.9- 


79.1 
124.4- 


116.8 
143.4 


hG-CSF derivative 

Chemically modified hG-CSF derivative 


10 
10 


163.0 
120.9 


221.5 

181.3 


220.3 
171.5 


289.3 
273.1 


273.0 
355.4 


284.0 
44^3 


Notes ^ ' 
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d; iiio aoJiw wQiyin «»*» >•>- r 

-) P<0.05. T P<0.01. -) P<0,001 (Student's t-test) 



in Single administration, increase in WBC peaking ^ « jfT ' t^^^^ 

whe e^ me count declined thereafter to normal In 48 hours after admin^n In me 
donative, a significant increase in WBC was still observed even after 48 hours in the c« ot t» 
chemically modified hG-CSF derivative. mnHiM MWOF 

Z repeated administration, particularly in <h« "^^^ *)! ^u^F 

dertvatlveshowed a significant leukocyte increasing effect as compared wrth the h&CSF derivaav^ 



TESTEXAIMPLE3 



SO 



Time course o( plasma concentration 

The chemically modified hO-CSF derivative as used in Test Example 1 was su')cutaneouslyadmin- 
■^^'^SS^^ce (male. n = 3) either one. o--- « 

samoled at timed Intervals and the plasma concentration of Q.C8F v««s drtermined. ^ ^* *f ' 

n T^le rTsinS administration) and Table 8 (repeat*. 
dose of the same chemically modified hO^CSF derhrathre was Intravenously administered (Tatrfe 9). 
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Table? 



10 



Single administration (s.c.) 


Sample 


Dosage 
(ug/mouse/day) 


Plasma concentration (Units/ml**' piasma 
10*) Blood sampling interval 


,x 


15 
min 


30 
min 


1 hr 


5hr 


7.5 hr 


15 
hr 


24 

hr 


hG-CSF derivative 

Chemically modified hG-CSF derivative 


10 
10 


248.3 

29.8 


772.7 
44.8 


2744.5 
208.3 


214.0 
1709.0 


163.3 
1146.7 


49.7 
89.6 


6.2 
21.6 


Notes ^ 



a) The same weight as Ci-o^sr proiein wc«> uu..u.u^u«.w«. 
?5 bi Calculated from NFS 60 ceil growth promoting acitivity (Half max = 50 U). 



Table 8. Repeated administration {s.cO 



20 1 




Sanple 


Dosage *) 
(yg/xnouse 


Plasma concentration^) 
(Units/mic) plasma, x 10^) 
Blood sampling interval (Day) 




25 




/day) 


0 


1 


2 


3 


4 


5 




hG-CSF 
derivative 


10 


NT.d) 
4.8 


1354.9 
2.2 


692.7 
NT. 


915.3 
-e) 


768.8 


756.4 


30 


Chemically 
modified 
hG-CSP 
derivative 


10 


MT, 
14.2 


92.2 
11.3 


376.9 


235,9 
4.7 


53.7 
2.2 


53.9 
2.2 



The same weight as G-CSP protein was 
administered. 

Upper row: plasma concentration at 1 hr after 
administration 

Lower row; plasma concentration at 24 hr after 
administration 

calculated from NFS 60 cell growth promoting 

activity (Half max » 50' 0) 

NT. (not tested) 

- below detection limit 



3S 

Notes a) 
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b) 



c) 
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Tables 



Sample 


Single administrati 

Dosage 
(M.g/mouse/day) 


on (i.v.) 

Plasma concentration (Units/ml*** plasma, x 
10*) Blood sampling interval 


3 

min 


10 

min 


30 
min 


1 hr 


2hr 


5hr 


hG-CSF derivative 

Chemically modified hQ-CSF derivative 


10 
10 


1307 
6883 


1356 
6181 


901 
4320 


631.3 
3332 


563 
1621 


355.8 
905.6 


Notes , . ' 



w 



a) me same weigm as o->^or ..... 

,5 b ) calculated from NFS 60 cell growth promoting activity (Halt max = 50 U). 

In the case of single subcutaneous administration, whereas the plasma concentration of the hQ-CSF 
- « - J«7h J a r«ak at 1 hour and declined rapidly thereafter, that of the chemically modified hO-CSF 
f'.T/r«w!^ aTiu1l increase inl to 7 hours after administration and maintained a comparatively 
denvative '^^^^^^f^^l^'^^^ 7^ Qn the other hand, in repeated subcutaneous administration, the 
arrifsiow^^^^^^^ concen.ra«on at 1 hour after adminis.a«on ^^^^^l^ 

9lh~ir- and was no longer detected on day 3. In contrast, the chemically modified hG-CSF denvative was 
dttS^le^nlt 24 S id its concentration was higher than that of the hG-CSF derivative 

TJS^iS administration, the chemically modified hG^F administration the chemically modrfied 
hG-CSF derivative gave significantly higher plasma concentrations as shown in Table 9. 
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TEST EXAMPLE 4 
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specific activity and mouse leukemia cell NFS60 growth promoting activity of the chemically modified hQ- 
CSF derivative (HI) 

^ (1) The chemically modified hG-CSQ (III) obtained In Example 2 was assayed in the same manner as In 
Test Example 1. The results are shown in Table 10. 



Table 10 



Sample 


Specific activity 
(untt/mg protein) 


NFS60 growth 
promoting activity 


Unmodified hQ-CSF 


100% 


100% 


hG-CSF (III) mono-type 


58.0% 


50.8% 


hQ-CSF (111) di-type 


25.8% 


35.0% 


hQ-CSF (III) tri-type 


18.2% 


21.0% 



^ (2) m addition, the chemically modified hQ-CSFs (111) and (IV) obtained in Examples 4 
respectively, were assayed as above. The results are shown in Table 11. 
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Table 1 1 



SamplG 


Specific activity 
(unit/mg protein) 


NFS60 growth 
promoting activity 


Unmodified hG-CSF 


100% 


100% 


hQ-CSF (III) mono-type 


60.0 % 


46.9 % 


hG-CSF (111) di-type 


28.2 % 


24.6 % 


hQ-CSF (III) tri-type 


14.7% 


19.0% 


hG-CSF (IV) mono-type 


68.4 % 


65.9 % 


hG-CSF (IV) di-type 


22.2 % 


44.6% 


hG-CSF (IV) tri-type 


11.9% 


17.6 % 



TEST EXAMPLE 5 

20 



25 



Leukocyte (granulocyte) increasing effect 

(1) The chemically modified hG-CSF (III) obtained in Example 2 was fubcutaneously ^^^^^ ^ 
BALB/c mice (male. n = 3; control group. n=4) in an mount of 2.5 ng per animal. The blood was sampled at 
t!med mtei^S the WBC in p^pheral blood were counted. The results are shown in Table 1^ 

Table 12 
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The time course of WBC in single administration (s.c.) 


Sample 


WBC (% of normal control) Blood sampling 
interval (hr.) 


7 


25 


32 


50 


72 


Unmodified hG-CSF 


150 


132 


106 


107 


100 


hQ-CSF (Ul) mono-type 


161 


109 


134 


86 


101 


hQ-CSF (III) dl-type 


174 


166 


176 


113 


91 


hQ-CSF (III) tri-type 


161 


130 


152 


133 


82 



(2) In the same manner as above, the chemically modified hO-CSFs (III) and (IV) obtained In Examples 
4 and 5, respectiveiy. were assayed. The results are shown in Table 13. 
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Table 13 



TO 



;5 



20 



The time course of WBC in single administration (s.c.) 


Sample 


WBC {% of normal control) Blood sampling 




interval (hr.) 






7 


25 


32 


50 


72 


Unmodified hG-CSF 


143 


131 


140 


104 


118 


hQ-CSF (III) mono-type 


161 


152 


143 


108 


137 


hG-CSF (III) di-type 


163 


120 


200 


117 


120 


hG-CSF (III) tri-type 


184 


128 


185 


131 


137 


hG-CSF (IV) mono-type 


153 


183 


233 


. 124 


104 


hG-CSF (IV) di-type 


120 


156 


212 


169 


110 


hQ-CSF (IV) tri-type 


122 


154 


168 


217 


136 



Thus the chemically modified hG-CSF and chemically modified h6-CSF derivatives o» invention 
Thus, the ^^^^^^J^^^^ (granulocyte) increasing effect with improved stability and 

^re^r: l be :L advantageously in clinical medicines. e.g.. a 

leukocyte growth promoting agent 
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Claims 

1 A modified polypeptide having t,uman granulocyte colony stt-nyla^na Jfctor Ji^CS^^^^ 
compri Jng a polypeptide having hQ-CSF activity with at least one ammo group thereof substHutad with a 

group of the formula 

"s S or alLyl group: n Is an opflonally vaHable positive Integer X is 0. NH or 8: R, Is 

R3 

_// N 
Y- 

a ■ rtu njru r».m -H. where Ri and n are as defined above. Y may not be present or 
l-SJ&^rre'zS^^^^^ Xis an optional, vadabie positive interg.]. or (COW 
iCH,^ I CO where m is 0 or 1 ; l is an optionally variable positive integer. 
^ a^SmoSJSiypeptide of claim 1. wherein R, is a C. -u alkyi or all^noyl g^up^ 

3 tS JSlled pojpeptwe of claim 1 . wherein n is a positive integer of no more tf^an 5OT. 

4 Tte modffied polypeptide of claim 1. wherein l Is a positive integer of not more than 100. 

s'. ?S "STdSJSSle of ctelm 1. wherelnlhe group of fomiula (1) has a molecular weight of not 

"""iTTyo^iSd preparation containing ttie modified polypeptide of anyone of claims 1 to 5. 

7. J Z^Qto^ promoting age^t comprising tt» modified polypeptide of anyone of claims 1 to 5. 

8. A carboxyllc acid represented by formula 
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Rl-(0CH2CH2)n-X. 

N V~Z-(CH2)pC00H 

Rl-(OCH2CH2)n-X 

wherein R, n and X are as defined above. Z is 0, S or NH and p is an optionally variable positive integer 
10 9 P^^ass for preparing a chemically modified hG-CSF according to anyone of claims 1 to 5. 
comprising condensation of hG-CSF with a halide of formula (II) 



75 



20 



25 



30 



40 



Rl-(OCH2CH2)„-X-{/ N ("> 

CI 

wherein R, . n. X and R3 are as daflned hereinbefore or coiKiensatlon of hQ^SF w«h a carboxylic acid of 
formula (III) 

R,<OCHjCH2)»-X-(COWCH2)i-COOH (HI) 

wherein R,. n. X. m and I are as defined hereinbefore or with a carboxylic acid of formula (IV) 

Rl-(CXX2CH2)n-X--(/ N (IV) 

Z-(CH2)pC02H 

v»hereinRi.n.Z.X.R3 and pare as defined hereinbefore. . .. 

10. Process according to claim 9. comprising condensation of hQ-CSF with a carboxylic acid repre- 
sented by fbrmula (V) 

Rl-(OCH2CH2)n-X. 

N >-Z-(CH2)pC00H (V) 

Rl-(0CH2CK2)n-X 

wherein R,. n and X are as defined above. 2 is 0. S or NH and p is an optionally variable positive integer. 

11 Process according to claim 9 or 10, characterized in that the halide or active carboxylic acid 
compound is added to the polypeptide in a proportion (mole ratio) of 2 to 100 times the amount of amino 
groups present in the polypeptide molecule and the mixture Is allovwd to react at a temperature of 4 to 37 
• C, preferably 4 to 10 ' C. and at pH 7 to 10 for 1 hour to 2 days, preferably 1 to 24 hours, whereby the 
desired chemically modified hQ-CSF is produced. 
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